With short-term policy interest rates constrained by their effective zero lower bound (ZLB), monetary policy relied on communicating the future path of policy conditional on incoming macroeconomic data. Motivated by this, we exploit intra-day prices to investigate how updates on the state of the U.S. economy affect interest rates and exchange rates before and after the ZLB. We find that releases reflecting the dual mandate of the Fed rose in importance and -as an ex-post acknowledgement of the sources of the Great Recession -additional housing market indicators and GDP revisions, that hitherto left markets unaffected, became market movers.
I INTRODUCTION
The U.S. federal funds rate hit an effective zero lower bound (ZLB) "In particular, the Committee also decided today to keep the target range for the federal funds rate at 0 to 1/4 percent and currently anticipates that exceptionally low levels for the federal funds rate are likely to be warranted at least through mid-2015 [,] " to a more state-contingent statement highlighting policy dependence on inflation and labor market outcomes on December 12, 2012:
"The Committee also reaffirmed its expectation that the current exceptionally low target range for the federal funds rate of 0 to 1/4 percent will be appropriate at least as long as the unemployment rate remains above 6-1/2 percent, inflation between one and two years ahead is projected to be no more than a half percentage point above the Committee's 2 percent longer-run goal."
This more explicit forward-looking data dependence of monetary policy potentially reshuffled the relative importance of U.S. macroeconomic releases for investors and policy makers.
Motivated by the increased importance of macroeconomic news for the more forwardlooking central bank communication at the ZLB, Swanson and Williams (2014) estimated the time-varying sensitivity of domestic yields along the yield cruve to establish the extent to which policy was effectively constrained by the ZLB. We build on their findings to investigate what set of macroeconomic announcements played a more prominent role at the ZLB, both domestically and internationally, by comparing the impact of U.S. macroeconomic news on interest rates and exchange rates before and after the ZLB in small time intervals around the release announcement time.
Our investigation highlights the different macroeconomic updates that have played a noteable role in informing both policy makers and investors about the state of the economy and the likely path of monetary policy. The importance of macroeconomic news on asset prices meaningfully changed before and after the ZLB. 1 At the ZLB, domestic financial markets put a greater focus on housing indicators -the sector that led to the recession and inhibited the recovery -as well as news directly related to the Fed's dual mandate, such as Initial Jobless Claims and CPI inflation surprises.
II AN ILLUSTRATIVE EXAMPLE
Figure 1 displays intra-day data for selected currencies and interest rates futures on April 3, 2015, around the time the March 2015 employment report was released. The employment report contains the household survey with the headline unemployment rate and the establishment survey with the headline Nonfarm Payrolls. For this particular scheduled release, the Bloomberg survey forecast was 245,000 new payroll jobs. Yet, the actual figure turned out to be a mere 126,000 additions, a negative surprise of about 119,000 jobs. Payroll figures usually include substantial revisions, in particular to the previous two reporting months. Including revisions, the actual overall negative surprise was even larger at minus 188,000 jobs.
On April 3, 2015, the negative surprise led to an increase in the Treasury notes futures prices and thus a decline in interest rates as well as a depreciation of the U.S. dollar in a very tight time interval around the announcement (Figure 1 ). While this motivational illustration is only a single data point, this article systematically examines the response of interest and exchange rates to macroeconomic news and how those responses differ when policy rates are constrained by the effective zero lower bound and policy relies heavily on the communication of data-dependent future actions.
III DATA AND METHOD
We operationalize the concept of macroeconomic "news" as the difference between an announcement and its expected value prior to the actual release of information. The market expectation of the macroeconomic announcement is captured by the median response from a survey of market participants from Bloomberg, L.P., which has to be submitted by midnight of the day leading up to the release. 2 Gürkaynak and Wolfers (2005) have shown that these survey-based market expectations are similar to forecasts derived from financial instruments built on the underlying macroeconomic news releases. These "news" can be interpreted as updates on the state of the U.S. economy, for which deviations from prior expectations reflect the unanticipated component that alters the information set of market participants.
The available data on the 21 U.S. macroeconomic announcements that we analyze span 1996 to 2016 and thus include eight years of the ZLB. They comprise real-indicators such as quarterly GDP releases, monthly Nonfarm Payrolls and Industrial Production, as well as "flash" indicators based on household or businesses surveys such as Consumer Confidence or the ISM Manufacturing surveys.
We examine the response of 10-year futures prices and currency futures using intra-day data from TickData within a 15-minute symmetric window around the exact daytime of the macroeconomic release. We regress the log change in the price of the 10-year U.S. Treasury note futures and five currency futures on the normalized macroeconomic news for two different subsamples -before and after the ZLB. Foreign exchange futures are expressed in U.S. dollars, so that an increase in the exchange rate indicates a depreciation of the U.S. dollar relative to the foreign currency. The surprises are normalized to have a unit standard deviation and responses are in basis points to ease the interpretation of the results.
IV RESULTS AND DISCUSSION
As the U.S. entered the ZLB, how did the asset price impact of macroeconomic news change?
Most notably, some indicators reflecting the dual mandate of the Fed -to stabilize prices and achieve maximum employment -gained importance. The more high-frequency weekly Initial Jobless Claims became more informative domestically and the asset price impact of year-overyear Consumer Price Index (CPI) inflation news rose threefold and took on a novel international role with positive news appreciating the U.S. dollar against three major currencies. U.S. domestic inflation has been substantially and persistently below target throughout recovery raising question about the success of inflation targeting. Thus inflation has also become a greater focal point of domestic monetary policy makers' attention; this stronger international response might be an indicator of shocks to the relative stances of monetary policy in different sample countries vis-à-vis the U.S. Table 1 presents the effects of the 21 macroeconomic release surprises. The columns display different asset prices, the domestic 10-year Treasury note and five major currency futures, for the two subsample periods before and after the ZLB. In general, positive news tend to decrease futures prices and thus raise yields. 3 Moreover, domestic interest rates tend to be more sensitive to U.S. macroeconomic news than exchange rates. 4 First, our analysis reveals meaningful changes at the ZLB related to the Fed's dual mandate. On the inflation side, news on CPI inflation had no significant impact on asset prices prior to 2009. In contrast, during the ZLB period, a hypothetical CPI release that comes in one standard deviation higher than anticipated, lowers 10-year futures prices by 4.7 basis points and appreciates the dollar by 4 to 7 basis points against the Japanese yen, Canadian and Australian dollars. On the employment side, Initial Jobless Claims appear to become more important while standard signals on labor market healing weakened. Observers have questioned whether headline figures such as the unemployment rate and Nonfarm Payroll growth are sufficient statistics for imbalances in the labor market given secular trends and the severity of the downturn. Indeed, the Fed dropped its reference to the unemployment rate in later policy statements. The weaker impact from Nonfarm Payroll surprises and the simultaneously released unemployment rate may be a result of uncertainties about the impact of secular demographics shifts, e.g. on labor force participation. On the other hand, a high-frequency indicator such as Initial Jobless Claims is less likely to be affected by those secular changes and might thus be more informative about the state of the economy.
Furthermore, the informational content of the second and final readings of previous quarter U.S. GDP appear larger in the ZLB era. Positive revision surprises of quarterly GDP contain enough new information to move Treasury futures prices down and ten year rates up, but only during the post-2008 period. Conversely, the effect of surprises related to manufacturing activity such as Durable Goods Orders, Factory Orders or Industrial Production weakened. 3 We use the word "positive news" to describe higher than expected values. This is not true for weekly initial claims or inflation. The interpretation of inflation surprises is more ambiguous, since higher-than-expected inflation could be considered "good" or "bad" depending on the inflation's level relative to the target. 4 These results are in line with the literature that has previously found that the link between macroeconomic news and bond markets is simpler and stronger than foreign exchange markets (see, for example, Gilbert et al., 2016) .
This could in part be the result of ongoing structural change, but is more likely related to the ex-post realization that macroeconomic vulnerabilities were associated with households' balance sheets and the financial system. Second, housing releases became more important during the recovery. The strength of the signal from surprises for New and Existing Home Sales flipped in magnitude between the two periods. During the ZLB, all four housing indicators, including Housing Starts and the more leading Permits, raise domestic yields significantly and thus lower Treasury futures prices. New Home Sales, Starts, and Permits are good indicators of the health of the housing market. The housing bust triggered the near collapse of the financial system in the recession and constrained aggregate spending during the recovery (Mian and Sufi, 2011; Mian and Sufi, 2015) , re-focusing investors' attention to these housing-related indicators.
Finally, the effects of two "flash" survey indicators, the Conference Board Consumer Confidence and the ISM Manufacturing Index, are softer domestically and internationally after 2008 and, interestingly, depreciates the dollar against the currencies of the commodity exporters Canada and Australia -a phenomenon also observed for Retail Sales. We further see more sensitivity to U.S. news in Japan's and Canada's currency responses. In contrast, the number of significant currency pricing responses for the euro and the pound sterling drops from 10 and 9, respectively, to 4. This might reflect the substantial phase shifting between the business cycles in the aftermath of the Great Recession. While the recovery in the U.S. is well underway, the euro area is still on its path to recovery; news from across the Atlantic might be of second order importance during this period.
V CONCLUSION
Intra-day asset price responses to macroeconomic surprises tell us about how markets interpret the macroeconomic releases' marginal informational content to discern where the economy is currently and where it is heading relative to other economies. Changes in those responses hint at where markets and policy makers perceive risks to the current economic outlook. Our findings suggest a greater focus on the housing market in line with the vulnerabilities that led to the recession and inhibited the recovery as well as policy mandate-consistent stronger responses to weekly Initial Jobless Claims and to CPI inflation readings, reflecting the continued -APPENDIX -
Macroeconomic News and Asset Prices
Before and After the Zero Lower Bound
Highlights
• U.S. short term policy rates have been constrained by the zero lower bound (ZLB).
• Policy communication and expectations became more data-dependent.
• We estimate asset price impacts of macroeconomic news before and after the ZLB.
• Intra-day data reveals greater importance of news related to the Fed's dual mandate.
• During the ZLB further housing market indicators and GDP revisions moved markets.
A DATA
A.1 Macroeconomic News
The dataset from Bloomberg L.P. includes timing of the data announcement at the hour and minute level, the title of the announcement, the actual released value, the consensus value for the release, the prior released value, the revision to the prior data release, the country and region of the announcement, the reported period, the report type (preliminary, advanced, indicates that it is generally declining. We look at the monthly seasonally adjusted man-ufacturing diffusion index. ISM Manufacturing Index is released around the 1st of every month. For more information go to https://www.instituteforsupplymanagement.org/ ISMReport/index.cfm.
8. Durable Goods Orders. Durable Goods Orders, published by the Census Bureau, reflects new orders placed with domestic manufacturers for delivery of factory hard goods (durable goods) in the near term or future. Durable goods orders is released twice a month in the advance report on durable goods and the manufacturer's shipments, inventories, and orders. Durable goods orders may provide information on the future growth of the economy as orders placed in the current months may provide work in factories in the future. We look at the month-over-month seasonally adjusted percent change in durable goods orders. Durable Goods Orders is released around the end of every month.
For more information go to http://www.census.gov/manufacturing/m3/index.html.
Real GDP Growth. Real Gross Domestic Product, published by the Bureau of Economic
Analysis (BEA), is the value of the production of goods and services in the United States.
Quarter-over-quarter real GDP growth is reported as a seasonally adjusted annual rate.
Quarterly estimates of GDP are published monthly, immediately after the reported quarter, in three consecutive releases: advanced estimate, second estimate, and third estimate.
The components of GDP are personal consumption expenditures, nonresidential fixed investment, residential fixed investment, private inventories, net exports, and government expenditures and gross investment. We look at the quarter-over-quarter seasonally adjusted annualized percent change in real GDP. GDP is released around the end of every month. For more information go to http://www.bea.gov/.
10. Retail Sales. Retail Sales, published by the Census Bureau, provides estimates of monthly sales for companies in the retail trade and food service sectors. It covers retail companies with one or more establishments that sell merchandise and related services to final consumers. Consumer spending on services is excluded with two exceptions:
restaurant sales and services that are incidental to the sale of merchandise. We look at the month-over-month seasonally adjusted percent change in retail sales. Retail Sales is released around the middle of every month. For more information go to http: //www.census.gov/retail/index.html.
11. New Home Sales. New Home Sales, published by the Census Bureau, measures the monthly sales of new single-family houses at a seasonally adjusted annual rate. New home sales are one of the earliest indicators of housing demands. To be included in the sales estimates, the sales transaction must intend to include both the house and the land.
The sale of a house may take place at any stage of construction, even before the building permit is issued. Excluded from these estimates are houses built for rent, houses built by the owner, and houses built by a general contractor on the owner's land. A house is considered sold when either a sales contract has been signed or a deposit accepted. We look at the monthly seasonally adjusted annualized rate of single family new home sales, reported in thousands. New Home Sales is released around the 25th of every month. For more information go to http://www.census.gov/construction/nrs/index.html.
Existing Home Sales. Existing Home Sales, published by the National Association of
Realtors, measures the monthly sales of new single-family houses at a seasonally adjusted annual rate. Existing-home sales, which include single-family, town homes, condominiums and co-ops, are based on transaction closings from Multiple Listing Services.
Existing-home sales, based on closings, differ from the U.S. Census Bureau's series on new single-family home sales, which are based on contracts or the acceptance of a deposit. Because of these differences, it is not uncommon for each series to move in different directions in the same month. In addition, existing-home sales, which account for more than 90 percent of total home sales, are based on a larger data sample and typically are not subject to large prior-month revisions. We look at the monthly seasonally adjusted annualized rate of existing home sales, reported in thousands. Existing
Home Sales is released around the 20th of every month. For more information go to http://www.realtor.org/research-and-statistics. 
A.2 Asset Prices
The British pound (GBP), euro (EUR), Japanese yen (JPY), Australian dollar (AUD), and Canadian dollar (CAD) are foreign exchange futures expressed in U.S. dollars, so that an increase in the exchange rate indicates a depreciation of the U.S. dollar relative to the foreign currency.
All prices are from Tickdata for the sample period begining with "First Survey" and ending by January 14, 2016. The summary statistics are calculated using price data at 5 minute intervals using a trading period from 18:00 to 16:00.
B ROBUSTNESS
The main estimation strategy can be broadly especified as
where Y is either the log change in the price of 10-year U.S. Treasury Note futures multiplied by 10,000 or the log change in the price of currency futures multiplied by 10,000, for the EUR, 10 minutes (Table B .1), 20 minutes (Table B. 3), and 60 minutes (Table B .5).
2. Main results with day-of-the-week dummies (Table B .7).
3. Test whether coefficients are statistically different in the pre and post periods with different time windows for asset prices reaction:
10 minutes (Table B. 2), 20 minutes (Table B .4), 30 minutes (Table B. 8), and 60 minutes (Table B .6).
4. Full-sample results with different time windows for asset prices reaction:
10 minutes (Table B .9), 20 minutes (Table B. 10), 30 minutes (Table B. 11), and 60 minutes (Table B. 12).
Different maturities for Treasuries:
• 2 years (Table B .13).
• 5 years (Table B. 14).
• 30 years ( 
